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2.3.4. Special Imaging Methods 
(1) Apodisation 

In an incoherent imaging system, the distribution of the 
quantity of light of a point imaging becomes a so-called Airy 
image, and as shown in Fig. 2.154, at the center 7 '=0, it exhibits 
a maximum quantity of light (primary local maximum), and at 
Ti 7 3' , T 5' 0 it becomes i =0 and is dark, and at T 2' . 
Ta Ts'* fine secondary and higher-order local maximums 
occur and a slightly ring appears (Table 2.3) 

i Table 2.3 

Maximal values of Airy image 

Y 1.000 

Tl' 0 
Y^* 0,0175 
0 

Y4' 0.0042 

T5' 0 

Y8' 0,0008 



Fig. 2.154 
Distribution of Airly Image 

Such secondary and higher- order local maximums scarcely 
pose a problem in the imaging of an ordinary object, but form 
an important hindrance when the fine structure of the vicinity 
of a very light line spectrum is examined by a spectroscope or 
when the image of multiple star is formed by a telescope. It 
is called apodisation in French (apodization in English) to 
change the distribution of the amplitude in the pupil of a lens 




2 



in such the case and eliminate the secondary and higher -order 
local maximums . This is a word named from Greek words (X ( remove ) 
and TtoSoS (foot), and means removing the foot (secondary and 
higher-order local maximums) of an Airy image^^ . 

As the simplest attempt , there was present amethod^^ making 
the aperture of the lens into a special shape, and effecting 
apodisation with respect to the X -axis direction parallel to 
the t -axis direction. For example, in a diamond- shaped 
aperture as shown in Fig. 2.155, 
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and the secondary and higher-order 
maxmum values become small as compared 
with an ordinary rectangular- shape 
opening. A sufficient result cannot 
be obtained by this alone and here fore , 
if a filter having a suitable 
absorption distribution, for 
example , 
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Fig. 2.155 
Apodisation dependent 
on a shape of aperture 



is used together, a better result will be obtained. This method 
is effective for one-dimensional imaging such as a case where 
a spectroscope is used to find a spectral line, but is not 
effective for ordinary two-dimensional imaging. Thus, it has 
been studied to keep the opening circular, and provide a 
rotation- symmetrical distribution of amplitude or phase on the 
pupil so as to work effectively for a two-dimensional image. 

Regarding this subject, there has been done 
Roizen-Dossier ' s^^ overall study. First, in the result of the 
study about a case where a so-called phase filter of which the 



pupil Is transparent and only phase changes, is used together, 
light quantity at the central portion of a point image, 
particularly t{0), is sensitively reduced by a change in 
phase, but there is little or no change in the light quantity 
at a remote portion in which r ' is larger, and after all, it 
has become apparent that the energy of the intermediate 

region increases to make the foot of the airly image large, 
and it has been concluded that the phase filter is not suitable 
for the purpose of apodisatoin. Regarding this, Lansraux 
and Boivin^^ also show that the pupil function must be real 

when the ratio (encirculed energy) between the energy 
entering into a certain radius and all energy becomes 
maximum . 

Accordingly, a filter suitable for apodisation is 
expected to be an amplitude filter, and the calculations 
of a filter for apodisation has been made by the following 
two standards: 

1. Facteur de dispersion (dispersion factor) 



Actually, there has been adopted a method of assuming 
an expression representing the amplitude distribution of the 
filter, expanding it into a suitable form to find the intensity 
distribution of its point image, and determining an expansion 
coefficient under a condition that the above two standards 
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2. Facteur d'etalement (spreading factor) 




(2.618) 
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becomes minimum. This method is the easiest method to find a 
filter for apodisaton, but filters of various shapes can be 
found by the way of choosing the first expression. Fig. 2.156 
shows an example of them. 
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Fig. 2.156 Example of apodisation (Roizen-Dossier^M 
® Distribution of amplitude transmittance of 
apodisation filter 

(D T( r )and 1{ P ) in intensity distribution diagram of 
point image correspond respectively to t{ P ) and i ( T ' ) in 
the text . 

As other standards of apodisation, there are attempts for 
conditions such as 

1. a condition for minimizing the secondary moment 



(2,619) 



of the point image (Asakura^^), 

2. condition for maximizing the center intensity of the 
point image (Barakat^M* and 

3. condition for maximizing the encirculed energy 




(2.620) 
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Fig. 2.157 shows the result apodlsation with Lansraux's 
hyper resolution f ileter®^ using the standard of the encircled 
energy. The general form of the response function of an optical 
system which has effected apodisation is such as shown in Fig. 
2.158 and there is recognized the tendency that the gain rises 
in the low frequency region and lowered in the high frequency 
region. Accordingly, it will be seen that the effective 
resolving power of an optical system is reduced to some extent 
by apodisations . 





Fig. 2.157 Image obtained with use of hyper resolution 
filter (lansraux^^ ) 
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